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Treatment of [n-BusN][Ru(N)Cls] with [AgLog] (Loer™ = [(#°-CsHs)Co{ P(O)(OEt),} 5] ") afforded the ruthenium(VI)
nitrido complex [LogRU(N)Cl;] (1), which reacted with PPh; to give the ruthenium(lV) phosphiniminato complex
[LoeRU(NPPh3)Cl,] (2). The cyclic voltammogram of 2 displays the Ru™" couple at ca. 0 V vs ferrocenium/ferrocene.
Treatment of 1 with Me3NO afforded [Log:Ru(NO)Cly] (3), which reacted with Ag(OTf) (OTf~ = triflate) to give the
chloro-bridged tetranuclear ruthenium/silver complex [LogRU(NO)CL],[Ag(OTf)], (4). Treatment of 1 with Na,S,03
gave the thionitrosyl complex [LogRU(NS)Cl,] (5). The solid-state structures of 1-4 have been established by X-ray
crystallography.

Introduction ruthenium(VI) salen nitrido complexes underwent facile

Transition-metal nitrido complexes are of significance Rimolecular N-+N coupling in polar solventsand reacted
because of their applications in organic transformatiansi with alkenes in the presence of Lewis bases such as pyridine
their involvement in metal-mediated nitrogen fixation reac- {0 give deprotonated aziridine complexes.
tions? Of special interest are late-transition-metal nitrido ~ While osmium(VI) nitrido compounds containing facially
complexes that exhibit electrophilic behavidrReactions of  coordinated tripodal N- and O-donor ligands are knéwi?*
electrophilic osmium(VI) nitrido complexes containing poly- analogous ruthenium compounds have not been reported. To
pyridyl and trispyrazolyl ligands with a range of nucleophiles better understand the reactivity of electrophilic metal nitrido
including phosphines, MBIO, thiols, CN", N3~, amines} compounds, we sought to synthesize ruthenium(VI) nitrido
PhMgCI? BPhs,® and cyclohexadierfehave been studied compounds with Klai's tripodal ligands [CpCpP(O)-
extensively. Recently, Lau and co-workers demonstrated that(OR),} 5]~ (denoted as &g )2 (Chart 1).
ruthenium(VI) nitrido complexes are considerably more

! - Although Lor™ are strongm-donating ligands that can
reactive than the osmium(VI) congeners. For example

' stabilize highly oxidizing metal ions, relatively few high-
* To whom correspondence should be addressed. E-mail: chleung@ust.hkvalent Ru-Logr compounds, e.g., the ruthenium(V) oxo
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Chart 1

Experimental Section

General Considerations All manipulations were carried out
under nitrogen by standard Schlenk techniques. Solvents were
purified, distilled, and degassed prior to use. NMR spectra were
recorded on a Bruker ARX 300 or Varian Mercury 300 spectrometer
operating at 300, 75.5, 121.5, and 282.5 MHz4dy 1°C, 3P, and
19F, respectively. Chemical shifts),( ppm) were reported with
reference to SiMe(*H and13C), HsPO, (3'P), and CECgHs (XF).

IR spectra were recorded on a Perkin-Elmer 16 PC FT-IR

spectrophotometer and mass spectra on a Finnigan TSQ 7000

spectrometer. Cyclic voltammetry was performed with a Princeton
Applied Research (model 273A) potentiostat. The working and
reference electrodes are glassy carbon and Ag/Ag0c M in
MeCN), respectively. Potentials were reported with reference to
the ferrocenium/ferrocene couple. Elemental analyses were per-
formed by Medac Ltd., Surrey, U.KniBusN][Ru(N)Cl4]** and
[AgL oe{*® were prepared according to literature methods. Ru(NO)-
Cl3xH,O was purchased from Strem Ltd. and used as received.

Preparation of [L ogtRU(N)CI;] (1). To a solution of p-BusN]-
[Ru(N)Cly] (332 mg, 0.66 mmol) in MeCN/EO (1:1, v/v; 40 mL)
was added Agbe: (400 mg, 0.62 mmol) in EO (60 mL) over a
period of 30 min. The resulting mixture was stirred at room
temperature overnight, during which the color changed from darkish
brown to tan. The AgCI precipitate was filtered off, and the volatiles
were removed in vacuo. The brown oily residue was washed with
water (5x 10 mL) and extracted with CHE(2 x 15 mL). The
solvent was pumped off, and the residue was extracted with. Et
Evaporation of the solvent afforded a brown crystalline solid.
Yield: 118 mg (26%). Recrystallization of the crude product from
Et,O at —18 °C gave reddish-brown single crystals that were
suitable for X-ray diffraction’H NMR (CDCLk): 6 1.22 (t, 6H,
CHg), 1.32 (t, 6H, CH), 1.36 (t, 6H, CH), 4.01—4.11 (m, 4H,
OCH,), 4.26-4.29 (m, 8H, OCH), 5.08 (s, 5H, GHs). 3P{'H}
NMR (CDCl): 6 109.8 (t,J = 146 Hz), 126.4 (dJ = 146 Hz).
MS (ESI): m/z 719.9 (M"), 686.0 (M~ — CI). Anal. Calcd for
Ci7H3sClL,CoNGyPsRu:  C, 28.31; H, 4.89; N, 1.94. Found: C,
28.59; H, 5.00; N, 1.64.

Reaction of 1 with Silver Triflate. To 1 (15 mg, 0.02 mmol)
in CH.CI, (5 mL) was added Ag(OTf) (10 mg, 0.04 mmol). The
reaction mixture was sonicated in an ultrasound bath at room
temperature for 30 min and filtered. Evaporation of the solvent
afforded an orange oil that did not crystalliZél NMR (CDCly):
0 1.34-1.39 (m, 18H, CH), 4.21-4.27 (m, 12H, OCH), 5.16 (s,
5H, GsHs). 31P{1H} NMR (CDCly): ¢ 110.4 (t,J = 146 Hz), 127.0
(d, J = 146 Hz).1%F{*H} NMR (CDCl): 6 —77.3. MS (ESI):
m/z 651.0 (Mf — 2Cl).

Preparation of [L ogtRU(NPPh)CI;] (2). To a solution ofl (69
mg, 0.096 mmol) in CKCI, (5 mL) was added PRI{25 mg, 0.095
mmol) in CH,CI, (10 mL) at—30 °C dropwise, and the mixture
was stirred at room temperature overnight. The volatiles were

(14) Griffith, W. P.; Pawson, DJ. Chem. Soc., Dalton Tran$973 1315.
(15) Glaum, M.; Klaii, W.; Skelton, B. W.; White, A. HAust. J. Chem
1997, 50, 1047.

7194 Inorganic Chemistry, Vol. 46, No. 17, 2007

Yi et al.

removed in vacuo, and the residue was washed with hexane and
extracted with BEXO. Concentration and cooling at18 °C afforded
reddish-brown single crystals that were suitable for X-ray diffrac-
tion. Yield: 50% (47 mg)uer (CHCls, Evans methody 2.6 ug.

Anal. Calcd for GsHsoClL,CoNOyPs,RuU: C, 42.70; H, 5.12; N, 1.42.
Found: C, 42.50; H, 5.32; N, 1.39.

Preparation of [L oetRU(NO)CI;] (3). Method A. A mixture
of Ru(NO)Ck-xH,O (156 mg, 0.66 mmol) and Nak; (346 mg,
0.62 mmol) in tetrahydrofuran (THF; 40 mL) was refluxed
overnight. The solvent was removed, and the residue was washed
with hexane/BO. Evaporation of the solvent afforded a brown
solid. Recrystallization from CkCl,/hexane afforded brown single
crystals that were suitable for X-ray diffraction. Yield: 340 mg
(74%)."H NMR (CDCly): 6 1.25-1.34 (overlapping t, 18H, C}),
4.07-4.19 (m, 8H, OCH), 4.29-4.34 (m, 4H, OCH), 5.09 (s,
5H, GsHs). 3*P{1H} NMR (CDCL): ¢ 121.4 (s). IR (KBr, cm?):
1865 (Svno). MS (FAB): m/z737.0 (M"). Anal. Calcd for G/Hzs
Cl,CoNOyPsRu: C, 27.69; H, 4.79; N, 1.90. Found: C, 27.67; H,
5.07; N, 1.83.

Method B. A mixture of 1 (36 mg, 0.05 mmol) and M&lO

(7.5 mg, 0.1 mmol) in CKCl, (10 mL) was stirred at room
temperature for 1 h. The volatiles were removed, and the residue
was washed with hexane. Recrystallization froraCE&fforded3

in 75% yield.

Preparation of [{LoetRU(NO)CI}{ Ag(OTH)},] (4) (OTF~ =
triflate). A mixture of 3 (48 mg, 0.065 mmol) and Ag(OTf) (17.8
mg, 0.065 mmol) in MeCN (10 mL) was stirred at room temperature
overnight. The solvent was removed, and the residue was washed
with EO. Recrystallization from CCl,/Et,O/hexane afforded
pink-purple needles that were suitable for X-ray diffraction.
Yield: 61 mg (93%)!H NMR (CDCly): 6 1.21-1.37 (overlapping
t, 36H, CH), 4.09 (m, 16H, OCH), 4.35 (m, 8H, OCH), 5.13 (s,
10H, GHs). 3P{H} NMR (CDCl3): 6 124.0 (s).'F NMR
(CDCly): 6 —=77.7 (OTf). IR (KBr, cn1l): 1864 @/no), 1266 ('s0).
Anal. Calcd for G/H3sCl,CoNOgPsRu: C, 27.69; H, 4.79; N, 1.90.
Found: C, 27.67; H, 5.07; N, 1.83.

Preparation of [L ogtRU(NS)CI;] (5). A mixture of 1 (40 mg,
0.055 mmol) and Ng5,05-2H,0 (96 mg, 0.387 mmol) in MeCN
(10 mL) was stirred overnight. The solvent was pumped off in
vacuo, and the residue was washed withCE(3 x 10 mL).
Evaporation of the solvent afforded an analytically pure brown
crystalline solid that was further recrystallized from THF/hexane.
Yield: 29 mg (70%)H NMR (CDCl): 6 1.24-1.37 (overlapping
t, 18H, CH), 4.16-4.23 (m, 12H, OCH), 5.07 (s, 5H, GHs). 31P-
{H} NMR (CDCL): 6 121.7 (s). IR (KBr, cm?): 1307 @ns).

MS (FAB): m/z 717.9 (M" — CI). Anal. Calcd for G7H3sClx-
CoNOyP;RUS: C, 27.10; H, 4.68; N, 1.86. Found: C, 27.17; H,
4.78; N, 1.75.

X-ray Crystallography. Details of crystallographic data col-
lection and refinement forl—4 are summarized in Table 1.
Preliminary examinations and intensity data collection were carried
out on a Bruker SMART-APEX 1000 area detector diffractometer
using graphite-monochromated MaKadiation ¢ = 0.701 73 A).
The collected frames were processed with the softv@keNT6
The data were corrected for absorption using the proADABS
Structures were solved by direct methods and refined by full-matrix
least squares dR? using theSHELXTLsoftware packag¥.Unless
stated otherwise, non-hydrogen atoms were refined with anisotropic
displacement parameters. In thgel ligand of1, each of the three

(16) Bruker SMART and SAINT;, version 6.02a; Siemens Analytical X-ray
Instruments Inc.: Madison, WI, 1998.

(17) Sheldrick, G. MSHELXTL-PLUS.5.1 Software Reference Manyal
Bruker AXS Inc.: Madison, WI, 1997.



Electrophilic Ruthenium(VI) Nitrido Complex

Table 1. Crystallographic Data and Structure Refinement Detailslfod

compound 1 2 3 4

formula Q_7H3509N P3C|2CORU QsHsoOgN P4C|2CORU Q7H35010N P3C|200RU Q6H70025N2P6F5C|4COZA92RU282
fw 721.27 983.54 737.27 1988.42
T,K 100(2) 100(2) 100(2) 100(2)
cryst syst monoclinic triclinic monoclinic monoclinic
space group P2:/n P1 P2i/n P2i1/n

a, 12.300(1) 9.742(1) 9.1180(7) 9.5821(6)
b, A 18.343(2) 10.516(1) 18.177(1) 36.808(2)
c, A 12.377(1) 21.845(3) 17.694(1) 19.022(1)
a, deg 90 82.109(3) 90 90

f, deg 96.214(2) 79.394(2) 91.041(2) 91.143(1)
y, deg 90 70.706(2) 90 90

Vv, A3 2776.2(5) 2069.0(5) 2932.1(4) 6707.7(7)
z 4 2 4

Peale § CNT 3 1.726 1.579 1.67 1.969

u, mmt 1.551 1.101 1.473 1.95
F(000) 1464 1008 1496 3952

no. of refins 14574 11651 14 621 33644
no. of indep reflns 4574 7025 5121 11707
Rint 0.0572 0.0446 0.0416 0.0825

R1, WR2 | >2.00(1)]
R1, wR2 (all data)
GOR

0.0561, 0.1260
0.1036, 0.1424
0.933

2 GOF = [FW(|Fo| — [Fel)%/(Nobs — Nparan)] >

0.0414,0.0791
0.0715, 0.0866
0.984

Table 2. Selected Bond Lengths (A) and Angles (deg) for
[LoeRU(NX)Cl]

X =nothing@)2 X=PPk(2 X=0(@)
Ru—N 1.573(6) 2.032(3) 1.729(3)
Ru—O(trans to N) 2.12(2) O(8A) 2.075(3) 2.005(2)
2.278(8) O(8B)
Ru—O(cis to N) 2.030(5) 2.074(3) 2.063(2)
2.031(5) 2.099(3) 2.061(2)
Ru—CI(1) 2.236(4) CI(1A) 2.336(1) 2.332(1)
2.476(6) CI(1B)
Ru—CI(2) 2.464(8) CI(2A) 2.352(1) 2.329(1)
2.21(1) CI(2B)
2.27(1) CI(2C)
N—X 1.605(3) 1.127(3)
O—Ru-0O' 73.1(3)-92.3(2) 87.8(1) 89.92(8)
87.5(1) 88.93(8)
90.3(1) 86.40(8)
N—Ru—0O(cis to N) 94.8(3) 92.0(2) 90.1(1)
94.8(3) 87.0(1) 95.4(1)
N—Ru—Cl 89.5(1) 93.54(9)
96.2(1) 91.36(9)
Cl—-Ru-CI' 95.15(4) 92.27(3)
Ru—N—X 135.4(2) 177.6(3)

aIn 1, O(8), Cl(1), and CI(2) are 50:50, 55:45, and 42:35:23 disorder,
respectively.

phosphorus atoms PJP(3) was found to be 70:30 disorder and
O(8) 50:50 disorder. Some ethoxy groups, Cl(1) and CI(2), were

also found to be disordered. The occupancies for the two sites of

0.0307, 0.0580
0.0453, 0.0610
0.955

0.0429, 0.0604
0.0948, 0.0676
0.975

IR spectrum. Unlike the Ru(salen) analogfiesdoes not
undergo a bimolecular NN coupling reaction in polar
solvents such as MeOH and MeCN. Treatment @fith 2
equiv of Ag(OTf) (OTf = triflate) in CHCI, led to the
formation of AgClI along with an orange oily material that
exhibits a signal atn/z 651 assignable to eRU(N)]" in

the ESI mass spectrum. TA# NMR spectrum displays a
singlet atd —77.3 ppm due to the triflate ligands. Therefore,
this orange species is tentatively formulated as the triflato
compound “[LogRU(N)(OTf)]”. Unfortunately, we have not
been able to obtain a crystalline sample of this compound
for further study.

Ruthenium(1V) Phosphiniminato Compound. As one
might expect,1 exhibits electrophilic behavior and reacts
with nucleophiles such as amines and phosphines readily.
The reaction oflL with morpholine in CHCI, resulted in an
immediate change of color from brown to red. Recrystalli-
zation from CHCl,/hexane afforded an air-sensitive, para-
magnetic red oil. We have not been able to crystallize this
oily material, which possibly contains a ruthenium hydrazido-
(1-) species. Treatment ol with PPh afforded the
ruthenium(lV) phosphiniminato compoudisolated as air-
stable brown crystals. Compou2ds paramagnetic with a
measuredies of ca. 2.6ug, which is close to the spin-only

CI(1) are 0.55 and 0.45, whereas those of ClI(2) are 0.42, 0.35, andvalue for two unpaired electrons. Similar magnetic moments

0.23. In2, the disordered ethoxy carbon C(12) was refined with

have been found for reported ruthenium(lV) phosphiniminato

occupancies of 0.5 and 0.5. Selected bond lengths and angles fo€ompounds? The cyclic voltammogram of2 shows a

1-3 and4 are listed in Tables 2 and 3, respectively.

Results and Discussion

Ruthenium(VI) Nitrido Compound. The synthesis and
reactivity of Ru-Logcomplexes are summarized in Scheme
1. Treatment ofi-BusN][Ru(N)Cly] with [AgL ogd in MeCN/
Et,O afforded an oily material, which upon recrystallization
affordedl, isolated as an air-stable orange solid. The-Ru

stretching mode was not assigned because of the overlap with

the intense #0 band in the 9061100 cn? region in the

reversible couple at c@ V vs CpFe™°, which is tentatively
assigned as the R{' couple. By comparison, the (34
couple for the osmium analogue JkOs(NPPB)Cl,] was
observed at-0.718 V vs CpFet/0.11

Ruthenium Nitrosyl and Thionitrosyl Compounds. 1
reacted readily with MgNO to give the nitrosyl compound
3. The IR spectrum o8 shows thevyo peak at ca. 1865
cmt, which is typical for ruthenium(ll) nitrosyl com-

(18) Pawson, D.; Griffith, W. PJ. Chem. Soc., Dalton Tran$975 417.
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Ru(1)-N(1) 1.720(5)
Ru(1)-0(17) 2.006(3)
Ru(1)-0(18) 2.048(3)
Ru(1)-0(19) 2.040(3)
Ru(1)-Cl(1) 2.350(2)
Ru(1)-CI(3) 2.359(2)
N(1)-O(1) 1.149(5)
Ag(1)-0(6) 2.280(4)
Ag(1)—u2-CI(3) 2.578(2)
Ag(1)—uz-CI(1) 2.661(2)
Ag(1)-uz-CI(2) 2.657(1)

Ru(2N(2) 1.720(5)
Ru(20(27) 2.002(3)
Ru(2y0(28) 2.034(3)
Ru(2}C(29) 2.034(3)
Ru(2)-ClI(2) 2.341(2)
Ru(2}CI(4) 2.374(2)
N(2}-0(2) 1.155(5)
Ag(2y-0(3) 2.208(4)
Ag(2)-12-CI(4) 2.531(2)
Ag(2uz-CI(1) 2.766(2)
Ag(2)-1z-CI(2) 2.816(2)

CHRu—CI' 90.57(5), 90.87(6)

Ru-u2-Cl—Ag 95.99(5), 90.35(5)
Agus-Cl-Ag' 86.12(4), 85.19(4)

CrAg—CI' 77.66(5)-116.85(5)

O—Ru-0O' 88.8(1)-91.6(1)
N—Ru—Cl 91.4(2)-95.4(2)
Ru—us-Cl—Ag 119.11(6), 113.51(5)
O—Ag—Cl 100.7(1)}-161.6(1)
Ru—N-0 175.5(4), 176.6(5)
Scheme 1

[Ru(N)Cly4] Aoboe: \R{U/

u 4] N\

o’ | N\

Cl 1
N823203

N/ PPy N 1/ \R//

Ru RU u
S -PhsPS 1N
] Nweens P oo s ©7/ “No
cl cl cl,
2 5
Ag(OTf)
; D Lo THF
OEt
S]
CI—[|7u]—NO
TfO—Ag—Cl
[Ru] = LogRu Cl—Ag—OTf
ON—I[Ru]—ClI
4

pounds!® Alternatively, 3 was prepared in high yield by the
reaction of RU(NO)GHxH,O with Nalog. Compound3
exhibits a singlé'P NMR resonance at 121.4 ppm despite
having two inequivalent types of phosphorus nuclei. This is
in contrast withl, which exhibits a doublet and a triplet in
the 31P{'H} NMR spectrum, as expected for an ABpin

{H} NMR spectra of4 in a CDC} solution are different
from those of3, indicating that the tetranuclear structure of
4 remained intact in solution.

The reaction betweefh and elemental sulfur led to an
intractable material that did not crystallize. The thionitrosyl
compounds was isolated in good yield by the treatment of
1 with Na&S,0;. It may be noted that [TpOs(NS)Y[Tp~
= hydridotris(pyrazolyl)borate] has been prepared by the
reaction of [TpOs(N)G] with CS, 4+ N37,?° propylene
sulfide, $,%* or N&S,05%? previously. The IR spectrum &
is almost identical with that o8 except that the NO band
was absent and that a new peak at 1307 ‘cattributable to
vns appeared. The NS stretching frequency fdris typical
for thionitrosyl compounds® The 31P{*H} NMR spectrum
of 5 displays a singlet ab 121.7 ppm, which is similar to
that of 3. Compounds has been characterized by an X-ray
diffraction study?* Unfortunately, the structure has not been
refined satisfactorily because of the severely disordered NS
group. The mass spectrum®shows the molecular peak at
m/z 717.9 corresponding to M— Cl. 5 is air-stable in both
the solid state and solutions. The treatmenb ofith PPh
led to the formation of2, presumably via the nitrido
compoundL, and PRPS. By contrast, no reaction was found
between3 and PPh

Crystal Structures. The solid-state structures -4 are
shown in Figures %4, respectively. Selected bond lengths
and angles fod—3 and4 are compiled in Tables 2 and 3,
respectively. In each of the compounds, the ruthenium has

system. The observation of the accidental degeneracy of thepseudooctahedral coordination geometry with a facially

31P NMR resonance fa suggests that the three phosphorus
nuclei have very similar chemical environments. A similar
result was found for the related thionitrosyl compor(gide
infra).

An attempt has been made to abstract the chlorid® in
with silver(l) salts. However, instead of chloride abstraction,
treatment of3 with Ag(OTf) in CH,CI; led to isolation of a
tetranuclear ruthenium/silver bimetallic compoudgdwhich
has been characterized by X-ray diffraction. The IR®
stretching frequency of is almost identical with that o3,
indicating that the Ag(OTf) moiety has little influence on
the electron density of the ruthenium center. fiHeand3'P-

(19) Richter-Addo, G. B.; Legzdins, Rletal Nitrosyls Oxford University
Press: New York, 1992.
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coordinated kg ligand. Compound4 and?2 are isostruc-
tural with the previously reported osmium analoguesefL

(20) El-Samanody, E. S.; Demadis, K. D.; Gallagher, L. A.; Meyer, T. J.;
White, P. S.Inorg. Chem 1999 38, 3329.

(21) Crevier, T. J.; Lovell, S.; Mayer, J. M.; Rheingold, A. L.; Guzei, .
A. J. Am. Chem. Sod 998 120, 6607.

(22) Wu, A.; Dehestani, A.; Saganic, E.; Crevier, T. J.; Kaminsky, W.;
Cohen, D. E.; Mayer, J. Mnorg. Chim. Acta2006 359, 2842.

(23) Pandey, K. KProg. Inorg. Chem1992 40, 45.

(24) Crystal data fob: C;7H3sCl,CONOyP;RUS, a = 9.8499(8) A b =
12.7196(10) Ac = 12.5180(10) AB = 107.407(2), V = 1496.5(2)
A3, monoaclinic,Pc space groupZ = 2, peaica = 1.672 g cmi3, T =
298(2) K, = 1.510 mmi, no. of data= 4182, R1 [ > 20(l)] =
0.0458, wR2 [ > 20(1)] = 0.0648, and R1 (all datay 0.1465, wR2
(all data)= 0.0800. The N-S moiety was constrained with the RN
and N-S bond lengths of 1.608(8) and 1.405(8) A, respectively, and
the Ru-N—S bond angle of 169.2(11)No residual electron density
> 1 e A-3 was observed upon convergence.



Electrophilic Ruthenium(VI) Nitrido Complex

Figure 1. Molecular structure of. Only positions of the disordered atoms
0O(8A), CI(1A), and CI(2A) are shown. The ellipsoids are drawn at a 30%
probability level.

Figure 2. Molecular structure oR. The ellipsoids are drawn at a 30%
probability level.

®
1

Figure 3. Molecular structure oB8. The ellipsoids are drawn at a 30%
probability level.

Os(N)CL] and [LoeOs(NPPB)CI,], respectively. Inl, the
Ru—N bond length of 1.573(6) A is short and consistent with
a Ru—N triple bond. The Re-O(8) bond [2.12(1) and 2.278-
(8) A for O(8A) and O(8B), respectively] opposite to the

Figure 4. Molecular structure ofl. The ellipsoids are drawn at a 30%
probability level.

the addition of PPhand the formation of the RtNPPh
compound?, the Ru-O(trans to N) distance is shortened to
2.075(3) A, which is similar to the RtO(cis to N) distances,
indicative of the absence of the trans influence of the
phosphiniminato group. The RN distance in2 of 2.032-
(3) A is longer than that in [Ru(NPERh)Ck(PELPh)]
[1.855(5) AP® and consistent with a RtN single bond.
Similar to [Log©OS(NPPB)CI;],** the Ru-N—P unit in2 is
bent with the Ru-N—P angle of 135.4(2) The N=P
distance of 1.605(3) A is typical for the=fN double
bond.

The Ru-N distance i3 [1.729(3) A] is shorter than that
in 2, suggestive of some RtN multiple bond character. The
Ru—0O(trans to NO) distance is slightly shorter than the-Ru
O(cis to NO) distances, indicating tleedonation from the
trans P=0O group to ruthenium that facilitates the Ru-to-NO
back-bonding. The RuCl distances in3 [2.332(1) and
2.329(1) A] are similar to those ia[2.336(1) and 2.352(1)
A]. The structure of4 can be viewed as consisting of two
{LoeRU(NO)u-CI),Ag(OTf)} moieties that are linked to-
gether, resulting in a A€l, core. Each silver atom is four-
coordinated with one terminal triflate, omg-chloride, and
two us-chloride ligands. The average A®, Ag—u2-Cl, and
Ag—us-Cl distances are 2.244, 2.558, and 2.725 A, respec-
tively. The Ru-Cl, Ru—N, and Ru-O distances ird are
similar to those ir8. It may be noted that the RtO(cis to
O) distances in the ruthenium(ll) nitrosyl compouriand
4 are not significantly different from that in the ruthenium-
(VI) nitrido compoundl. The similarity in M—L(cis to N)
distances between metal nitrido and nitrosyl compounds is
well documented and has been found for other systems such
as [Mn(N)(CN)}]*/[Mn(NO)(CN)s]*~ and [Re(N)(CN)-
(H20)]?/[Re(NO)(CN)}(H0)]* .25 A recent theoretical study
showed that the inner electronic structures of [Mn(N)(§N)
and [Mn(NO)(CN}]®>~ are almost the same and that
[MN(NO)(CN)s]®*~ behaves more closely to Mnthan to

(25) Phillips, F. L.; Skapski, A. CJ. Chem. Soc., Chem. Comma874

R o 49,
trans-directing nitrido group was found to be longer than (26) Bendix, J.; Deeth, R. J.; Weyheitiau, T.: Bill, E.. Wieghardt, K.

the other two RerO bonds [2.030(5) and 2.031(5) A]. Upon

Inorg. Chem 200Q 39, 930.

Inorganic Chemistry, Vol. 46, No. 17, 2007 7197



Mn'.2” Therefore, the ruthenium formal oxidation states in

Yi et al.

opportunity to investigate the effect of RX & bonds on

1, 3, and4 are assigned for electron-bookkeeping purposes the reactivity and electronic structure of such compounds.

only and do not reflect the real charges on ruthenium.
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